Public attention and interest in the fate of endangered species is a crucial prerequisite for effective 28 conservation programs. Societal awareness and values will largely determine whether conservation 29 initiatives receive necessary support and lead to adequate policy change. Using text data mining, we 30 assessed general public attention toward climate change and biological invasions, which represent 31 two key threats for endangered amphibian, reptile, bird and mammal species in three European 32 countries (France, Germany and the United Kingdom). Our analysis revealed that public attention 33 patterns differed among species groups and countries but was globally higher for climate change 34 than for biological invasions. Both threats received better recognition in threatened than in non-35 threatened species, as well as in native species than in species from other countries and regions. The 36 relative level of attention toward the two threats corresponded well with the listing of the threats 37 and their severity within the IUCN Red List. We conclude that more efficient communication 38 regarding the threat from biological invasions should be developed, and that conservation 39 practitioners should take advantage of the existing attention toward the threat of climate change. 40 41
3 49
Introduction 50
With an ongoing global biodiversity crisis, it is critical to overcome the present gap 51 between research and implementation in conservation (Toomey et al. 2017 ). Failure to halt 52 biodiversity decline does not solely come from a lack of scientific understanding of drivers of 53 decline, but also from a lack of societal support and action (Schultz, 2011) . Societal awareness and 54 values partly determine the level of support for, engagement with and effectiveness of conservation 55 initiatives, as the societies tend to protect only what they recognize as important (Stokes, 2007; Kim 56 et al., 2014) . 57
The emerging field of conservation culturomics provides unprecedented opportunities 58 to understand societal attention and interests related to conservation objectives 59 Sutherland et al., 2018) . Culturomics aims to generate new insights in human culture through the 60 quantitative analysis of digital data. Conservation culturomics is focused on the understanding of 61 cultural dynamics associated with conservation, and comprises diverse sources and approaches, 62 general societal interest in these threats, there were no attempts so far to assess societal attention 72 toward extinction threats related to specific species and species groups. Such studies can provide 73 valuable insights regarding public recognition of the actual threats, and major attention gaps and 74 4 biases. Furthermore, higher attention toward extinction threats faced by a particular species is likely 75 to also contribute to perceived relevance of the species for the society and its overall visibility. 76
The aim of this study was to explore how much attention is directed at climate change 77 and biological invasions in relation to different species groups. We focus on climate change and 78 biological invasions as two key processes that affect biological diversity and are often interrelated 79 and act synergistically (Dukes and Mooney, 1999; Clavero and Garcia-Berthou, 2005; Walther et 80 al., 2009; Bellard et al., 2012 Bellard et al., , 2018 McClelland et al., 2018) . We hypothesize that, because 81 biological invasions are not yet very well understood, they generate less societal attention than 82 climate change, which can be a basic hindrance for conservation (Courchamp et al., 2017) . We test 83 this by comparing the Internet salience of biological invasions with that of climate change, which is 84 expected to be characterized by a much higher level of public attention. Based on webpage retrieval 85 analysis, we assessed the Internet salience of these two threats in relation to threatened amphibian, 86
reptile, bird and mammal species in France, Germany and United Kingdom. Our results provide 87 novel insights into the differences in the societal attention directed at these two threats, among 88 different countries, species and their origin, as well as in the level of attention overlap with the 89 actual existence and severity of these threats. We address the implications of the results for 90 conservation management and outreach planning. 91 92
Methods 93
Our analysis was based on the Internet salience (i.e. the volume of Internet pages 94 containing a particular term; Jarić et al., 2016; Correia et al., 2017) of terms referring to extinction 95 threats in relation to multiple species. Internet salience is considered a good indicator of a species' 96 cultural visibility , and it is therefore likely that this capacity also applies 97 to species extinction threats. Furthermore, the Internet is increasingly used as a source of 98 information (Miller, 2005; Davies et al., 2018) , and because most Internet content is generated by 99 self-interest (e.g. blogs, Wikipedia, social media) or perceived interest (e.g. news outlets), more 100 5 available content is likely to generate more reads and thus more attention. Therefore, there is a 101 likely strong feedback loop between content availability and public interest and attention (Ladle et 102 al., 2016) . 103
We compiled a dataset with species scientific names (including synonyms), taxonomy, 104
Red List categories, threat classification and threat severity (i.e., the overall decline caused by the 105 threat) based on data from the IUCN Red List database (IUCN, 2017). The dataset comprised 5988 106 threatened mammal, bird, reptile and amphibian species (i.e. classified as VU, EN or CR). National 107 red lists of Germany, France and United Kingdom, including both regionally threatened and non-108 threatened species from the four taxon groups (excluding species from overseas territories), were 109 also downloaded from the National Red List database (http://www.nationalredlist.org -downloaded 110 on 14 December 2017). Threatened species in Germany were considered to be those with the 111 regional status being either "Declining Species", "Possibly Endangered", "Endangered", "Critically 112 Endangered", "Extremely Rare", or "Threatened with Extinction"; in United Kingdom, it was either 113 "Amber" or "Red" regional status, and "Vulnerable", "Endangered" or "Critically Endangered" in 114 in parentheses within a same search query (i.e., ["species name" OR "synonym #1" OR "synonym 127 #2" OR...]), to avoid negative effect of taxonomic synonyms on search accuracy (Correia et al., 128 2018) . Searches for the two threats were performed with the commonly used terms in each country 129 (Supplementary material S1). Although the focus of the study were species and threats in the three 130 countries within Europe, Google's Custom Search Engine API also covered data from their overseas 131 territories. Nevertheless, this is unlikely to substantially affect our results, mainly due to small 132 proportion of the human population of overseas territories (~4% for France, <1% for United 133 Kingdom). 134
Data analysis was based on the relative Internet salience of the two threats in relation to 135 each of the species. Relative Internet salience was expressed as the proportion of webpages that 136 include particular species name and the given threat to all webpages that mention that species 137 (["species name" AND "threat name"] / ["species name"]). Analysis included comparisons of 138 relative Internet salience between the two threats, among national, European and global threatened 139 species pools, between threatened and non-threatened species, among the four species groups, 140 among the three countries, and between species classified as affected by the threat at issue within 141 the IUCN Red List database and those that are not. We also assessed relative Internet salience of the 142 studied species in relation to the two threats, by expressing the Internet salience as the proportion of 143 webpages that includes species name and the given threat to all webpages that mention that threat 144 (["species name" AND "threat name"] / ["threat name"]). 145
Since data were not normally distributed (Kolmogorov-Smirnov test, p<0.001), 146 statistical analyses were performed using nonparametric tests. Differences between groups were 147 assessed using the Mann-Whitney U test with Bonferroni correction, while the relationship between 148 relative Internet salience and the severity of each threat was assessed using the Spearman's Rank 149 test. 150 151
Results

7
Climate change had a significantly higher relative Internet salience than biological 153 invasions. This was consistent among countries and species groups (Figs. 1-4). Furthermore, both 154 threats were better represented among species present in Germany, France, and United Kingdom 155 than among those outside of each of the countries, and they were also more represented among 156 species from Europe than among those distributed outside of Europe (Mann-Whitney U test, 157 p<0.01; Fig. 1 ). Climate change had a significantly higher prominence than biological invasions 158 within amphibians, birds and mammals (Mann-Whitney U test, p<0.05), while the differences in the 159 representation of the two threats within reptiles were not significant (Fig. 2 ). Both threats had 160 significantly higher Internet salience within threatened than within non-threatened species in 161
Germany and United Kingdom (Mann-Whitney U test, p<0.01), but not in France (Fig. 3) . 162
On the other hand, the proportion of pages mentioning a certain threat that also 163 contained names of particular species had the opposite pattern, with biological invasions being 164 better represented than climate change (Table 1) . In other words, webpages addressing climate 165 change had less frequent mentions of particular species than those dealing with biological invasions. 166
This was especially prominent for France (Table 1) . 167
Species that were recognized as susceptible to either climate change or biological 168 invasions within the IUCN Red List database (IUCN, 2017) overall had a better representation of 169 the given threat than those that were not recognized as susceptible. This indicates that the 170 representation of threats on the Internet corresponds well to expert identification. Internet salience 171 of threats was positively, but weakly correlated with threat severity in species impacted by a given 172 threat ( Table 2) . Such results indicate the potential presence of a pattern, albeit a weak one, where 173 species that are more strongly impacted by either biological invasions or climate change were 174 characterized by a better representation of that threat on the Internet (Table 2) . 175 176
Discussion 177
Our results revealed substantial differences in the Internet salience of the two studied 178 8 threats, with a considerably higher prominence of climate change as a threat in assessed species 179 groups than biological invasions. Such results were expected and intuitive. Although the problem of 180 biological invasions has been known for hundreds of years, the issue of climate change emerged 181 much more recently but quickly gained prominence and has remained the dominant environmental 182 concern over the past few decades (Veríssimo et al., 2014; Capstick et al., 2015) . This is also 183 we should bear in mind that it is not always sufficient. 236
It is important to note some potential limitations of the study, that call for due caution 237 when interpreting results. Use of phrases such as "invasive species" and "climate change" can 238 sometimes be ambiguous and perceived by the public with a different meaning than the one 239 established in science, not necessarily reflecting perception of these threats as conservation issues. 240
For example, people sometimes tend to refer to native species whose populations are on the rise, 241 such as roe deer (Capreolus capreolus) or wild boar (Sus scrofa), as "invasive species". However, 242 even though it was not possible to monitor the effects of such ambiguities within the assessed 243 dataset, they are probably too scarce to significantly affect results. Furthermore, the potential 244 
